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(57) Abstract: An activatable (e.g., heat 
expandable) material (18) and articles 
incorporating the same is disclosed. The 
material (18) includes an epoxy resin; an 
epoxy/elastomer hybrid or reaction product; a 
blowing agent; a curing agent; and optionally, 
a filler. In preferred embodiments, the material 
(18) includes aramid fiber, nanoclay or both. 
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ACTIVATABLE MATERIAL 

CLAIM OF BENEFIT OF FILING DATE 
5 The present application claims the benefit of the filing date of U.S. Provisional 

Application Serial No. 60/369,001 (filed April 1, 2002), hereby incorporated by 
reference. 

FIELD OF THE INVENTION 
10 The present invention relates generally to an activatable (e.g., heat 

expandable) material and a method of forming and applying the same. 

BACKGROUND OF THE INVENTION 
For many years, industry has been concerned with designing materials such 

15 as adhesives, structural materials or combinations thereof. As examples, the 
transportation industry and, particularly, the automotive industry has been concerned 
with designing adhesive structural materials that do not add significantly to the 
weight of a vehicle, exhibit adhesive strength, have high strength to weight ratios or 
the like. Design of such materials can present difficulties however. For example,, it 

20 can be difficult to design and incorporate lower weight materials that continue to 
exhibit desired levels of strength, adhesivity or the like. As another example, 
components of materials that impart various different characteristics to the materials 
can often be incompatible. Thus, there is a need to provide materials that overcome 
one or more of these difficulties. 

25 

SUMMARY OF THE INVENTION 
Accordingly, the present invention provides a material, which may be 
employed for sealing, baffling, reinforcing, structural bonding or the like of a variety 
of structures. The material is typically an expandable adhesive material and also 
30 typically includes one or more of the following components: an epoxy resin; an 
elastomer-containing adduct; a reinforcement material; a filler; a blowing agent; a 
curing agent; an accelerator for the blowing agent or the curing agent; combinations 
thereof or the like. One preferred epoxy resin is a liquid bisphenol A epoxy. One 
preferred elastomer containing adduct is a solid epoxy-carboxyl terminated butyl 
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nitrile rubber adduct. One preferred reinforcement material is a pulped form of 
aramid fiber, which can assist in flow control of the material. 

The material may be formed according to a variety of protocols. In one 
preferred method, the various components of the material are intermixed in one or 

5 more continuous or batch-type mixing processes. Preferably, upon formation, the 
material is relatively tacky. The material may be applied (e.g., adhered) to a variety 
of structures, which may be formed of a variety of materials such as aluminum, 
magnesium, steel, sheet molding compound, bulk molding compound, 
thermoplastics, combinations thereof or the like. According to one preferred 

10 embodiment, the material is applied to a frame rail of an automotive vehicle such as 
a sport utility vehicle. Moreover the material may be employed in a variety of 
applications such as bonding members together, reinforcing members, filling a 
seam between members or the like. The material may be employed for sealing a 
seam, preventing fatigue crack growth, adhering a reinforcement or the like within 

15 the frame rail or other portion of the automotive vehicle. Preferably, the material 
and members having the material applied thereto increase stiffness of members in 
an automotive vehicle or other article of manufacture. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 The features and inventive aspects of the present invention will become more 

apparent upon reading the following detailed description, claims and drawings, of 
which the following is a brief description: 

Fig. 1 is a sectional view of a joint of a frame assembly of an automotive 
vehicle. 

25 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention is predicated upon providing an improved activatable 
material, and articles incorporating the same. The activatable material preferably 
expands upon activation by heat or other condition, and is hereinafter referred to as 
30 an expandable material. It is contemplated, however, that certain embodiments of 
the material may be substantially non-expansive. 

Typically, the expandable material assists in providing structural 
reinforcement, adhesion, sealing, acoustical damping properties or a combination 
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thereof within a cavity of or upon a surface of a structure, or to one or more 
structural members (e.g., a body panel or structural member) of an article of 
manufacture (e.g., an automotive vehicle). 

The expandable material preferably includes: 
5 (a) up to about 80 parts by weight of an epoxy resin; 

(b) up to about 70 parts by weight of an elastomer-containing adduct; 

(c) up to about 5 parts by weight of a blowing agent; 

(d) up to about 7 parts by weight of a curing agent; and 

(e) a filler. 

10 

The expandable material of the present invention may be applied to various 
articles of manufacture for adding structural integrity to portions or members of 
articles, for providing acoustical damping to the articles or for sealing the articles. 
Examples of such articles of manufacture include, without limitation, household or 

15 industrial appliances, furniture, storage containers, buildings, structures or the like. 
In preferred embodiments, the expandable material is applied to portions of an 
automotive vehicle such as body or frame members (e.g., a vehicle frame rail) of the 
automotive vehicle. One method of the present invention contemplates applying the 
expandable material to a surface of one of the above structures in an unexpanded or 

20 partially expanded state and activating the material for expanding it to a volume 
greater than its volume in the unexpanded state (e.g., 100% greater, 500% greater, 
1000% greater, 2000% greater, 5000% greater or higher). 

Percentages herein refer to weight percent, unless otherwise indicated. 

25 

Edoxv Resin 

Epoxy resin is used herein to mean any of the conventional dimeric, 
oligomeric or polymeric epoxy materials containing at least one epoxy functional 
group. The polymer-based materials may be epoxy containing materials having one 
30 or more oxirane rings polymerizable by a ring opening reaction. In preferred 
embodiments, the structural adhesive material includes up to about 80 % of an 
epoxy resin. More preferably, the expandable includes between about 10 % and 
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70% by weight epoxy resin and still more preferably between about 40 % and 60 % 
by weight epoxy resin. 

The epoxy may be aliphatic, cycloaliphatic, aromatic or the like. The epoxy 
may be supplied as a solid (e.g., as pellets, chunks, pieces or the like) or a liquid 

5 (e.g., an epoxy resin). The epoxy may include an ethylene copolymer or terpolymer 
that may possess an alpha-olefin. As a copolymer or terpolymer, the polymer is 
composed of two or three different monomers, i.e., small molecules with high 
chemical reactivity that are capable of linking up with similar molecules. Preferably, 
an epoxy resin is added to the expandable material to increase adhesion properties 

1.0 of the material. One exemplary epoxy resin may be a phenolic resin, which may be 
a novalac type or other type resin. Other preferred epoxy containing materials may 
include a bisphenol-A epichlorohydrin ether polymer, or a bisphenol-A epoxy resin 
which may be modified with butadiene or another polymeric additive. 

15 Elastomer-containing Adduct 

In a highly preferred embodiment, an elastomer-containing adduct is 
employed in the composition of the present invention, and preferably in a relatively 
high concentration (e.g., on the order of the epoxy resin). The epoxy/elastomer 
hybrid or reaction product may be included in an amount of up to about 80 % by 

20 weight of the expandable material. More preferably, the elastomer-containing 
adduct is approximately 20 to 50%, and more preferably is about 30 % to 40% by 
weight of the expandable material. 

In turn, the adduct itself generally includes about 1:5 to 5:1 parts of epoxy to 
elastomer, and more preferably about 1:3 to 3:1 parts or epoxy to elastomer. The 

25 elastomer compound may be any suitable art disclosed elastomer such as a 
thermosetting elastomer. Exemplary elastomers include, without limitation natural 
rubber, styrene-butadiene rubber, polyisoprene, polyisobutylene, polybutadiene, 
isoprene-butadiene copolymer, neoprene, nitrile rubber (e.g., a butyl nitrile, such as 
carboxy-terminated butyl nitrile), butyl rubber, polysulfide elastomer, acrylic 

30 elastomer, acrylonitrile elastomers, silicone rubber, polysiloxanes, polyester rubber, 
diisocyanate-linked condensation elastomer, EPDM (ethylene-propylene diene 
rubbers), chlorosulphonated polyethylene, fluorinated hydrocarbons and the like. In 
one embodiment, recycled tire rubber is employed. 
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The elastomer-containing adduct, when added to the expandable material, 
preferably is added to modify structural properties of the expandable material such 
as strength, toughness, stiffness, flexural modulus, or the like. Additionally, the 
elastomer-containing adduct may be selected to render the expandable material 
more compatible with coatings such as water-borne paint or primer system or other 
conventional coatings. 

Blowing Agent 

One or more blowing agents may be added to the expandable material for 
producing inert gasses that form, as desired, an open and/or closed cellular 
structure within the expandable material. In this manner, it may be possible to lower 
the density of articles fabricated from the material. In addition, the material 
expansion helps to improve sealing capability, substrate wetting ability, adhesion to 
a substrate, acoustic damping, combinations thereof or the like. 

The blowing agent may include one or more nitrogen containing groups such 
as amides, amines and the like. Examples of suitable blowing agents include 
azodicarbonamide, dinitrosopentamethylenetetramine, 4,4i-oxy-bis- 

(benzenesulphonylhydrazide), trihydrazinotriazine and N, N,-dimethyl-N,N r 
dinitrosoterephthalamide. 

An accelerator for the blowing agents may also be provided in the expandable 
material. Various accelerators may be used to increase the rate at which the 
blowing agents form inert gasses. One preferred blowing agent accelerator is a 
metal salt, or is an oxide, e.g. a metal oxide, such as zinc oxide. Other preferred 
accelerators include modified and unmodified thiazoles or imidazoles, ureas or the 
like. 

Amounts of blowing agents and blowing agent accelerators can vary widely 
within the expandable material depending upon the type of cellular structure desired, 
the desired amount of expansion of the expandable material, the desired rate of 
expansion and the like. Exemplary ranges for the amounts of blowing agents and 
blowing agent accelerators in the expandable material range from about 0 % by 
weight to about 5 % by weight and are preferably in the expandable material in 
fractions of weight percentages. 
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In one embodiment, the present invention contemplates the omission of a 
blowing agent. Thus it is possible that the material will not be an expandable 
material. Preferably, the formulation of the present invention is thermally activated. 
However, other agents may be employed for realizing activation by other means, 
5 such as moisture, radiation, or otherwise. 

Curing Agent 

One or more curing agents and/or curing agent accelerators may be added to 
the expandable material. Amounts of curing agents and curing agent accelerators 
can, like the blowing agents, vary widely within the expandable material depending 

10 upon the type of cellular structure desired, the desired amount of expansion of the 
expandable material, the desired rate of expansion, the desired structural properties 
of the expandable material and the like. Exemplary ranges for the curing agents or 
curing agent accelerators present in the expandable material range from about 0 % 
by weight to about 7 % by weight. 

15 Preferably, the curing agents assist the expandable material in curing by 

crosslinking of the polymers, epoxy resins (e.g., by reacting in stoichiometrically 
excess amounts of curing agent with the epoxide groups on the resins) or both. It is 
also preferable for the curing agents to assist in thermosetting the expandable 
material. Useful classes of curing agents are materials selected from aliphatic or 

20 aromatic amines or their respective adducts, amidoamines, polyamides, 
cycloaliphatic amines, (e.g., anhydrides, polycarboxylic polyesters, isocyanates, 
phenol-based resins (such as phenol or cresol novolak resins, copolymers such as 
those of phenol terpene, polyvinyl phenol, or bisphenol-A formaldehyde copolymers, 
bishydroxyphenyl alkanes or the like), or mixtures thereof. Particular preferred curing 

25 agents include modified and unmodified polyamines or polyamides such as 
triethylenetetramine, diethylenetriamine tetraethylenepentamine, cyanoguanidine, 
dicyandiamides and the like. An accelerator for the curing agents (e.g., a modified 
or unmodified urea such as methylene diphenyl bis urea, an imidazole or a 
combination thereof) may also be provided for preparing the expandable material. 

30 Though longer curing times are also possible, curing times of less than 5 

minutes, and even less than 30 seconds are possible for the formulation of the 
present invention. Moreover, such curing times can depend upon whether additional 
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energy (e.g., heat, light, radiation) is applied to the material or whether the material 
is cured at room temperature. 
Filler 

The expandable material may also include one or more fillers, including but 
not limited to particulated materials (e.g., powder), beads, microspheres, or the like. 
Preferably the filler includes a relatively low-density material that is generally non- 
reactive with the other components present in the expandable material. 

Examples of fillers include silica, diatomaceous earth, glass, clay, talc, 
pigments, colorants, glass beads or bubbles, glass, carbon ceramic fibers, 
antioxidants, and the like. Such fillers, particularly clays, can assist the expandable 
material in leveling itself during flow of the material. The clays that may be used as 
fillers may include clays from the kaolinite, illite, chloritem, smecitite or sepiolite 
groups, which may be calcined. Examples of suitable fillers include, without 
limitation, talc, vermiculite, pyrophyllite, sauconite, saponite, nontronite, 
montmorillonite or mixtures thereof. The clays may also include minor amounts of 
other ingredients such as carbonates, feldspars, micas and quartz. The fillers may 
also include ammonium chlorides such as dimethyl ammonium chloride and dimethyl 
benzyl ammonium chloride. Titanium dioxide might also be employed. 

In one preferred embodiment, one or more mineral or stone type fillers such 
as calcium carbonate, sodium carbonate or the like may be used as fillers. In 
another preferred embodiment, silicate minerals such as mica may be used as 
fillers. It has been found that, in addition to performing the normal functions of a 
filler, silicate minerals and mica in particular improved the impact resistance of the 
cured expandable material. 

When employed, the fillers in the expandable material can range from 10 % 
to 90 % by weight of the expandable material. According to some embodiments, the 
expandable material may include from about 0.001 % to about 30 % by weight, and 
more preferably about 10 % to about 20 % by weight clays or similar fillers. 
Powdered (e.g. about 0.01 to about 50, and more preferably about 1 to 25 micron 
mean particle diameter) mineral type filler can comprise between about 5 % and 70 
% by weight, more preferably about 10 % to about 20%, and still more preferably 
approximately 13 % by weight of the expandable material. 
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It is contemplated that one of the fillers or other components of the material 
may be thixotropic for assisting in controlling flow of the material as well as 
properties such as tensile, compressive or shear strength. 

Other Additives 

5 Other additives, agents or performance modifiers may also be included in the 

expandable material as desired, including but not limited to a UV resistant agent, a 
flame retardant, an impact modifier, a heat stabilizer, a UV photoinitiator, a colorant, 
a processing aid, a lubricant, a reinforcement (e.g., chopped or continuous glass, 
ceramic, aramid, or carbon fiber or the like). 

10 When determining appropriate components for the expandable material, it 

may be important to form the material such that it will only activate (e.g., flow, foam 
or otherwise change states) at appropriate times or temperatures. For instance, in 
most applications, it is undesirable for the material to be reactive at room 
temperature or otherwise at the ambient temperature in a production environment. 

15 More typically, the expandable material becomes activated to flow at higher 
processing temperatures. As an example, temperatures such as those encountered 
in an automobile assembly plant may be appropriate, especially when the 
expandable material is processed along with the other components at elevated 
temperatures or at higher applied energy levels, e.g., during painting preparation 

20 steps. Temperatures encountered in many coating operations (e.g., in a paint curing 
oven), for instance, range up to about 250°C or higher. 

Highly Preferred Embodiments and Examples 

It is contemplated within the present invention that polymers other than those 
25 discussed above such as thermoplastics may also be incorporated into the 
expandable material, e.g., by copolymerization, by blending, or otherwise. For 
example, without limitation, other polymers that might be appropriately incorporated 
into the expandable material include halogenated polymers, polycarbonates, 
polyketones, urethanes, polyesters, silanes, sulfones, allyls, olefins, styrenes, 
30 acrylates, methacrylates, epoxies, silicones, phenolics, rubbers, polyphenylene 
oxides, terphthalates, acetates (e.g., EVA), acrylates, methacrylates (e.g., ethylene 
methyl acrylate polymer) or mixtures thereof. Other potential polymeric materials 
may be or may include include, without limitation, polyethylene, polypropylene, 

8 
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polystyrene, polyolefin, polyacrylate, poly(ethylene oxide), poly(ethyleneimine), 
polyester, polyurethane, polysiloxane, polyether, polyphosphazine, polyamide, 
polyimide, polyisobutylene, polyacrylonitrile, polyvinyl chloride), poly(methyl 
methacrylate), polyvinyl acetate), poly(vinylidene chloride), polytetrafluoroethylene, 
polyisoprene, polyacrylamide, polyacrylic acid, polymethacrylate. 

In highly preferred embodiments, however, the expandable material is 
substantially devoid of thermoplastic polymers or thermoplastic polymer blends, 
which can increase glass transition temperatures of the material. Particularly, 
certain embodiments of the expandable material are devoid of thermoplastic 
polymers such as acetates (e.g., EVA) and acrylates (e.g., EMA). In such 
embodiments, the expandable material is preferably composed of greater than about 
40% by weight of an epoxy resin such as Bis-phenol A liquid epoxy, greater than 
about 30 % by weight of an epoxy/elastomer adduct such as solid epoxy-carboxyl 
terminated butyl nitrile (CTBN) rubber adduct and a fiber such as a pulped form of 
aramid fiber. Such embodiments are particularly advantageous because the aramid 
fiber in combination with the epoxy-elastomer component of the expandable material 
and the other components allows for the formation of a tacky product with good 
physical integrity without the use of certain thermoplastic polymers (e.g., EVA or 
EMA), which tend to exhibit poor compatibility in an epoxy based system and can 
reduce strength and adhesion durability. 

Additionally, in highly preferred embodiments, a nanoclay additive may be 
used for added control of flow properties, physical properties, adhesion durability, 
hydrolysis resistance, combinations thereof or the like. Nanoclay may be include 
from about 0.1 % to about 4 % by weight of the expandable material, more 
preferably from about 0.5 % to about 2 % by weight, and even more preferably 
about 1 % by weight of the expandable material. 

EXAMPLES 

Table A of exemplary expandable materials is provided below. 
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Ingredient 



Material A Wt%s 



Material B Wt %s 



Material C Wt %s 



Standard Liquid Epoxy 
Solid Epoxy-CTBN Adduct 
Calcined Clay 
Aramide Fiber (opened) 
Nanoclay 
Dicyandiamide 
Modified Urea 
Modified Imidazole 
Azodicarbonamide 
Pigment 



43.83% 
36.07% 
12.29% 
1.46% 
0.98% 
3.65% 
1.01% 
0.50% 
0.00% 
0.20% 



44.11% 
36.27% 
12.74% 
1.47% 
0.98% 
3.12% 
0.89% 

0% 
0.28% 
0.14% 



43.50% 
35.80% 
12.20% 
1.45% 
0.97% 
3.63% 
1.0% 
0.5% 
0.75% 
0.20% 



TABLE A 



Formation and Application of the Expandable Material 

5 Formation of the expandable material can be accomplished according to a 

variety of new or known techniques. Preferably, the expandable material is formed 
as a material of substantially homogeneous composition. However, it is 
contemplated that various combining techniques may be used to increase or 
decrease the concentration of certain components in certain locations of the 

10 expandable material. 

According to one embodiment, the expandable material is formed by 
supplying the components of the material in solid form such as pellets, chunks and 
the like, in liquid form or a combination thereof. The components are typically 
combined in one or more containers such as large bins or other containers. 

15 Preferably, the containers can be used to intermix the components by rotating or 
otherwise moving the container. Thereafter, heat, pressure or a combination 
thereof may be applied to soften or liquidize the components such that the 
components can be intermixed by stirring or otherwise into a single homogenous 
composition. 

20 According to another embodiment, the expandable material may be formed 

by heating one or more of the components that is generally easier to soften or 
liquidize such as the polymer based materials to induce those components into a 
mixable state. Thereafter, the remaining components may then be intermixed with 
the softened components. 

25 Depending upon the components used, it may be important to assure that the 

temperature of the components remains below certain activation temperatures that 
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might cause the expandable material to activate (e.g., form gasses, flow or 
otherwise activate), cure (e.g., harden, stiffen or otherwise change states) or both. 
Notably, when the expandable material contains a blowing agent, it is typically 
desirable to maintain the temperature of the expandable material below a 

5 temperature that will activate the blowing agent during formation of the expandable 
material or before the expandable material is applied to a surface. 

In situations where it is desirable to maintain the expandable material at lower 
temperatures it may be desirable to maintain the components in a semi-solid or 
viscoelastic state using pressure or a combination of pressure and heat to intermix 

10 the components of the expandable material. Various machines have been designed 
to applying heat, pressure or both to materials. One preferred machine is an 
extruder. According to one embodiment of the present invention, various 
components may be premixed into one, two or more pre-mixtures and introduced at 
one or various locations in a single or twin-screw extruder. Thereafter, the heat and 

15 pressure provided by the extruder mixes the expandable material in a single 
generally homogeneous composition, and preferably does so without activating the 
material. 

Activation of the material may include at least some degree of foaming or 
bubbling in situations where the expandable material includes a blowing agent. 

20 Such foaming or bubbling can assist the expandable material in wetting a substrate 
and forming an intimate bond with the substrate. Alternatively, however, it shall be 
recognized that the expandable material may be activated to flow without foaming or 
bubbling and may still substantially wet the substrate to form an intimate bond. 
Formation of the intimate bond will typically but not necessarily occur upon curing of 

25 the expandable material. 

Advantageously, the expandable material of the present invention has shown 
valuable properties. Upon testing, valuable properties were exhibited for expansion, 
for lap shear and for adhesive t-peel. Table B below lists the properties exhibited by 
the expandable materials that had their corresponding ingredients listed in table A, 

30 but is also indicative of properties from other formulations of the materials of the 
present invention. The present invention contemplates resulting material properties 
within about +/- 25% and more preferably 50% of the recited properties. The 
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properties in table B were exhibited by materials that were adhered to substrates 
with bondlines of about 0.25 mm or about 0.01 inches. 

The formulation of the present invention may be applied to a surface by any 
suitable means, such as coating or extruding. In one embodiment, a robotic 
5 extrusion applicator is employed, e.g., of the type disclosed in U.S. Patent No. 
5,358,397, hereby incorporated by reference. 



Ingredient 


Material A 


Material B 


Material C 


Expansion 

340 "F/20 minutes 
400 °F/30 minutes 

Lap Shear, psi 

T-peel, ppi 


9% 
31% 
3158 
57.06 


47% 
81% 
2415 
39.0 


107% 
162% 
1819 
16.40 



TABLE B 

10 

As can be seen the lap shear strength remains quite high despite the high 
variation in expansion of the materials. Moreover, the t-peel performance remains 
relatively high at higher levels of expansion when compared to conventional 
expanding systems. Exhibition of such properties is particularly advantageous in 

15 light of the formulations of the expandable materials. The expandable materials of 
Table A maintain good t-peel performance and are substantially provided without 
additives such as epoxy flexibilizers (e.g., acrylic, or urethane based materials) and 
core/shell polymers, which might decrease adhesivity or t-peel performance and also 
typically lower glass transition temperatures of material. Thus, the expandable 

20 materials of the present invention provide the flexibility of relatively high glass 
transition temperatures coupled with relatively high strength, adhesion and peel 
characteristics. 

In another embodiment of the present invention, an outer surface of the 
material of the present invention is treated for allowing it to be handled without 
25 undesirable material transfer, such as to a vehicle body surface. Thus, it is possible 
that the formulation may be provided with a temporary layer (from less than about 10 
microns to about 2 cm (e.g., on the order of less than about 1 mm)) that is generally 
free of tack for facilitating handling. This may take the form of a plastic transfer film, 
a water based coating, a powder coating or otherwise. The present invention thus 
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also contemplates a tacky structural adhesive material having a handling surface 
that is generally free of tack to the touch. 

Other applications for which the present technology may be adapted or 
employed as an expandable material include those of the type identified in U.S. 

5 Patent Nos. 6,358,584; 6,311,452; 6,296,298, all of which are hereby incorporated 
by reference. The material of the present invention may thus be applied to a carrier, 
such as a molded, extruded or stamped member (e.g., metal or plastic, foamed or 
unfoamed; exemplary materials of which include aluminum, magnesium, titanium, 
steel, polyamide (e.g., nylon 6 or nylon 6,6), polysulfone, thermoplastic imide, 

10 polyether imide, polyether sulfone or mixtures thereof. 

Referring to Fig. 1, there is illustrated an exemplary embodiment of a joint 10 
between a first member 12 and a second member 14. In the embodiment illustrated, 
the first member 12 is a side rail of an automotive vehicle and the second member is 
a cross-rail of the automotive vehicle. However, it shall be understood that the 

15 expandable material of the present invention may be applied to various members of 
various different articles of manufacture. As can be seen, an amount of expandable 
material 18 of the present invention has been positioned between a surface 22 of 
the first member 12 and a surface 24 of the second member 14. Upon expansion, 
the expandable material 18 preferably wets and adheres to the surfaces 22, 24 of 

20 the members 12, 14. Simultaneously or thereafter, the expandable material 18 is 
preferably cured (e.g., by cooling) to form a structural foam that attaches the 
members 12, 14 together and provides sealing, baffling, reinforcement or the like to 
the members 12, 14 and/or the joint 10. 

The preferred embodiment of the present invention has been disclosed. A 

25 person of ordinary skill in the art would realize however, that certain modifications 
would come within the teachings of this invention. Therefore, the following claims 
should be studied to determine the true scope and content of the invention. 

30 
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1 . An adhesive expandable material, comprising: 
about 10% to about 70% by weight of an epoxy resin; 
about 20% to about 50 % by weight epoxy/elastomer adduct; 

wherein the adhesive expandable material is substantially devoid of EMA and 

EVA. 

2. An adhesive expandable material as in claim 1, wherein the 
expandable material is substantially devoid of acetates and acrylates. 

3. An adhesive expandable material as in claim 1 or 2, wherein the 
expandable material is substantially devoid of thermoplastic polymers. 

4. An adhesive expandable material as in claim 1, 2 or 3, wherein the 
expandable material includes greater than about 40% by weight of the epoxy resin. 

5. An adhesive expandable material as in claim 1, 2, 3, or 4, wherein the 
expandable material includes greater than about 30% by weight of the 
epoxy/elastomer adduct. 

6. An adhesive expandable material as in claim 1, 2, 3, 4 or 5, wherein 
the expandable material includes a curing agent and a blowing agent. 

7. An adhesive expandable material as in claim 1, 2, 3, 4, 5 or 6, wherein 
the epoxy/elastomer adduct is an epoxy-carboxyl terminated butyl nitrile rubber 
adduct. 

8. An adhesive expandable material as in claim 1, 2, 3, 4, 5, 6 or 7, 
wherein the epoxy/elastomer adduct includes about 1:3 to 3:1 parts of epoxy to 
elastomer. 



14 



WO 03/085063 



PCT7US03/09124 



9. An adhesive expandable material as in claim 1, 2, 3, 4, 5, 6, 7 or 8, 
further comprising about 0.1 % to about 4.0% by weight nanoclay. 

10. An adhesive expandable material as in claim 1, 2, 3, 4, 5, 6, 7, 8 or 9, 
5 wherein the expandable material exhibits a lap shear greater than about 2000 psi. 

1 1 An adhesive expandable material, comprising: 
greater than about 40 % by weight of an epoxy resin, the epoxy resin being 
substantially entirely a bisphenol A liquid epoxy; 
10 greater than about 30 % by weight epoxy/elastomer adduct, the 

epoxy/elastomer adduct being a solid epoxy-carboxyl terminated butyl nitrile (CTBN) 
rubber adduct; 

fiber reinforcement material, the fiber reinforcement material being a pulped 
aramid fiber; and 
15 about 0.1 % to about 4.0% by weight nanoclay; 

wherein the adhesive expandable material is substantially devoid of polymers 
acetate and acrylate polymers. 

12. An adhesive expandable material as in claim 11, wherein the 
20 expandable material is substantially devoid of thermoplastic polymers. 

13. An adhesive expandable material as in claim 11 or 12, wherein the 
expandable material includes a curing agent and a blowing agent. 

25 14. An adhesive expandable material as in claim 1 1 , 12 or 1 3, wherein the 

epoxy/elastomer adduct includes about 1 :3 to 3:1 parts of epoxy to elastomer. 

15. An adhesive expandable material as in claim 11, 12, 13 or 14, wherein 
the expandable material exhibit a lap shear greater than about 2000 psi. 

30 

16. An adhesive expandable material, comprising: 

about 40% to about 60% by weight of an epoxy resin, the epoxy resin being 
substantially entirely a bisphenol A liquid epoxy; 

15 
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about 30% to about 50% by weight epoxy/elastomer adduct, the 
epoxy/elastomer adduct being a solid epoxy-carboxyl terminated butyl nitrile (CTBN) 
rubber adduct; 

a blowing agent selected from the group consisting of an amide and an 

amine; 

a curing agent selected from the group consisting of polyamine and 
polyamide; 

fiber reinforcement material, the fiber reinforcement material being a pulped 
aramid fiber; and 

about 0.1% to about 4.0% by weight nanoclay; 

wherein the adhesive expandable material is substantially free of 
thermoplastic polymers and the expandable material exhibits expansion to greater 
than 100% of its original size upon activation. 

17. An adhesive expandable material as in claim 16, wherein the epoxy 
elastomer adduct includes about 1 :3 to 3:1 parts of epoxy to elastomer. 
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